This study presents a method of determining the macroscopic viscoelastic properties as well as the macroscopic coefficients of thermal expansion and cure-shrinkage of fiber-reinforced plastics (FRP) in consideration of the dependence of the viscoelastic properties of the resin used in the matrix phase on the degree of cure (DOC). The DOC-dependent viscoelastic material behavior of the resin is represented by the generalized Maxwell model and is accompanied with nonmechanical strains such as thermal strain and cure shrinkage. Within the framework of computational homogenization, a series of numerical material tests (NMTs) are conducted on a representative volume element (microstructure) with different DOCs to discretely evaluate the macroscopic viscoelastic properties. On the assumption that the macroscopic material behavior can be represented by the anisotropic version of the generalized Maxwell model, we originally propose a method to determine the macroscopic viscoelastic properties and the macroscopic coefficients of thermal expansion and cure-induced shrinkage, both of which are functions of DOC. After numerical examples to determine these properties for a specific unit cell of FRP are presented, a simple numerical verification is carried out to demonstrate that the proposed method is capable of determining the DOC-dependent macroscopic viscoelastic properties associated with mechanical and non-mechanical strains.
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Saito, Yamaguchi, Moriguchi, Mihara, Kobayashi and Terada, Transactions of the JSME (in Japanese), Vol.85, No.870 (2019) The solid lines are the approximate curves by cubic polynomials. The macroscopic CTEs of the equilibrium element in the x and y directions are almost linear with respect to DOC reflecting the linear dependence of CTE of resin on the DOC (see equation (21)). In contrast, the macroscopic CTE of the equilibrium element in the z direction is nonlinear, but its variation is small. The macroscopic CTEs of the non-equilibrium elements are almost the same except for the 21st, 22nd and 23rd elements. To obtain solid approximate curves for non-equilibrium elements, only one CTE is assumed in each of the directions. , Σ [y] [KPa] Saito, Yamaguchi, Moriguchi, Mihara, Kobayashi and Terada, Transactions of the JSME (in Japanese), Vol.85, No.870 (2019) When the material is assumed to be elastic at a micro-scale, the macroscopic thermal strains linearly increase with increasing temperature and do not depend on the rates of temperature increase. On the other hand, the material is assumed to be viscoelastic at a micro-scale, the macroscopic thermal strains exhibit nonlinearity with increasing temperature and depend on the rates of temperature increase.
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